In urban and rural areas under rapid urbanization, a proper understanding of the relationship between population and construction land use is important for regional sustainable development. The decoupling method is a particularly useful way to examine this relationship. However, the decoupling method only considers the current relationship between population and construction land, ignoring the initial status in the base year. Based on an improved decoupling model, vector land-use data (1:10,000 scale) from two National Land Investigations, and demographic data from the China Statistics Bureau, this paper analyzes population and construction land use change patterns as well as the types of coupling in urban and rural Hubei. The results better reflect the relationship between population and construction land use. The outcomes show that from 2009 to 2014, both the urban population and urban construction land use increased while the rural population decreased as rural settlement land use expanded. In 61 counties, the relationship between the urban population and construction land use showed expansive negative decoupling; that is, the growth rate of urban population was less than the growth rate of the urban construction land use. In 72 counties, the relationship between the rural population and rural settlement land showed a strong negative decoupling; that is, the rural population decreased while the rural settlement land use increased. The relationship between the urban-rural population and construction land use can be divided into eight types. Only nine counties are somewhat coordinated, while the other counties were all uncoordinated. Suggestions are provided by comparing per capita urban construction land and per capita rural settlement land in the base and current years with the national standard and considering the coupling types for population and construction land use change in urban and rural settings. Finally, we discuss approaches to optimize urban-rural space organization and promote coordinated urban-rural development.
Introduction
With rapid economic development and population growth, urbanization has become a global phenomenon, especially in developing countries, such as China [1, 2] . Urbanization has grown dramatically since the economic reforms and open-door policy of 1978 [3] [4] [5] . In China, over the period 1978-2014, the urbanization level (i.e., urban proportion of total population) increased from 17.92% to 54.77%, with an annual growth rate of 3.15% [6] . The number of cities increased from 193 to 653 [7] . The demand for urban land occurred gradually through rapid urbanization and industrialization [8] . The urban built-up area increased from 35, 469 .65 km 2 in 2007 to 49,772.63 km 2 in 2014 [7] . The supply of are still many shortcomings in current studies: with respect to the study scale and research content, most studies pay more attention to the national scale and only mainly analyze urban construction or rural residential land. Studies involving a systematic analysis of the changes in urban-rural system elements at the provincial scale are relatively weak. For data sources, land use data are always taken from the statistics yearbook, which is inaccurate. As for the research method, the decoupling method only considers the coordination status between population and construction land, ignoring the initial status in the base year. This paper improves the decoupling method, with the result better reflecting the relationship between the population and construction land. Finally, suggestions are made by comparing per capita urban construction land and per capita rural settlement land in the base and current years with the national standard and considering the coupling types for population and construction land use changes in urban and rural settings. This paper not only takes into account whether the utilization of construction land complies with the requirements of the new national urbanization policy for a single year but also considers the dynamic coordination relationship, making reliable and targeted suggestions.
Hubei Province is a traditional agricultural province and plays an important part in the national production of commodity grains. However, with rapid urbanization and industrialization, the use of cultivated land for purposes other than food production has gradually increased. It is important to effectively resolve the contradictions of built land in urban and rural areas while guaranteeing economic development, protecting arable land and coordinating urban-rural land allocation. The topics addressed by this paper are as follows: (1) the patterns of urban-rural construction land change; (2) the patterns of urban-rural population change; (3) the coupling types of population and construction land use changes in urban and rural areas as well as corresponding suggestions; and (4) the approaches to coordinating the relationship between population and construction land in urban and rural areas.
Materials and Methods

Study Area
Located in Central China and the middle reaches of the Changjiang (Yangtze) River, Hubei Province covers an area of 185,900 km 2 and is within 108 • 21 -116 • 07 E and 29 • 05 -33 • 20 N (Figure 1 ). The eastern, western and northern areas of Hubei Province are surrounded by mountains, and the Jianghan Plain is located in the central and southern area, which is commonly known as "a land of rice and fish". The province has a dense hydrological network, and its water resources are abundant. Hubei Province includes 13 prefecture-level cities and 103 counties. most studies pay more attention to the national scale and only mainly analyze urban construction or rural residential land. Studies involving a systematic analysis of the changes in urban-rural system elements at the provincial scale are relatively weak. For data sources, land use data are always taken from the statistics yearbook, which is inaccurate. As for the research method, the decoupling method only considers the coordination status between population and construction land, ignoring the initial status in the base year. This paper improves the decoupling method, with the result better reflecting the relationship between the population and construction land. Finally, suggestions are made by comparing per capita urban construction land and per capita rural settlement land in the base and current years with the national standard and considering the coupling types for population and construction land use changes in urban and rural settings. This paper not only takes into account whether the utilization of construction land complies with the requirements of the new national urbanization policy for a single year but also considers the dynamic coordination relationship, making reliable and targeted suggestions. Hubei Province is a traditional agricultural province and plays an important part in the national production of commodity grains. However, with rapid urbanization and industrialization, the use of cultivated land for purposes other than food production has gradually increased. It is important to effectively resolve the contradictions of built land in urban and rural areas while guaranteeing economic development, protecting arable land and coordinating urban-rural land allocation. The topics addressed by this paper are as follows: (1) the patterns of urban-rural construction land change; (2) the patterns of urban-rural population change; (3) the coupling types of population and construction land use changes in urban and rural areas as well as corresponding suggestions; and (4) the approaches to coordinating the relationship between population and construction land in urban and rural areas.
Materials and Methods
Study Area
Located in Central China and the middle reaches of the Changjiang (Yangtze) River, Hubei Province covers an area of 185,900 km 2 and is within 108°21′-116°07′ E and 29°05′-33°20′ N ( Figure  1 ). The eastern, western and northern areas of Hubei Province are surrounded by mountains, and the Jianghan Plain is located in the central and southern area, which is commonly known as "a land of rice and fish". The province has a dense hydrological network, and its water resources are abundant. Hubei Province includes 13 prefecture-level cities and 103 counties. With rapid urbanization, over 1981-2014, the gross domestic product (GDP) in Hubei Province increased from 21.98 to 2737.92 billion yuan. While primary industry increased slowly, the growth trend of secondary and tertiary industries was similar to that of the GDP. From 1981-2014, the total population increased from 47.40 to 58.16 million. Within this change, the urban population continued to increase, while the rural population fluctuated by approximately 39 million during 1981-1999, and subsequently decreased. From 2009 to 2014, the total construction land area increased yearly, with urban construction land growing rapidly and rural areas increasing slowly as cultivated land decreased in area (Figure 2) . Overall, the economic, construction land use and population changes are out of sync. With rapid urbanization, over 1981-2014, the gross domestic product (GDP) in Hubei Province increased from 21.98 to 2737.92 billion yuan. While primary industry increased slowly, the growth trend of secondary and tertiary industries was similar to that of the GDP. From 1981-2014, the total population increased from 47.40 to 58.16 million. Within this change, the urban population continued to increase, while the rural population fluctuated by approximately 39 million during 1981-1999, and subsequently decreased. From 2009 to 2014, the total construction land area increased yearly, with urban construction land growing rapidly and rural areas increasing slowly as cultivated land decreased in area (Figure 2) . Overall, the economic, construction land use and population changes are out of sync.
(a) (b) In 2014, the urban construction area of Hubei Province was 4240.27 km 2 , accounting for 2.28% of the total land and 32.96% of the urban-rural construction land. The urban population was 32.38 million people, accounting for 55.68% of the total population. The per capita urban construction land was 130.93 m 2 , which is higher than the 110 m 2 national standard "Code for classification of urban land use and planning standards of development land" (GB50137-2011). The rural settlement land of Hubei was 8623.02 km 2 , accounting for 4.64% of the total land and 67.04% of the urban-rural construction land. The rural population was 25.78 million people, accounting for 44.32% of the total population. The per capita rural settlement land was 334.55 m 2 , which is much higher than the 150 m 2 national standard "Standard for planning of rural villaged and town" (GB50188-93). This indicates that the relationship between population and construction land is out of sync and that construction land is being used at a low level of efficiency. There is great potential for land consolidation.
Data Sources
The construction data for 2009 and 2014 were extracted from two land use land cover (LULC) vector format maps at a 1:10,000 scale, which was derived from the second national land survey and the subsequent land use change survey by the Department of Land and Resources of China. The government participation, a strict verification system, and sufficient financial support ensured the most systematic, accurate, comparable, and coherent land use data. The smallest construction area of map in land use survey is 4 mm 2 , while that in land use planning is 20 mm 2 . The results of the two surveys are more accurate and reliable for this study. Construction land includes urban construction and rural construction land. Urban construction land is subdivided into three types: city, town and industry/mining land. Rural construction land refers to rural settlement land in this paper. Taking into account the availability of data and the feasibility of the analysis, some counties are merged, such as the downtown of Wuhan, Huangshi, Yichang, among others. Thus, the administrative region is divided into 85 regional units. The social, economic and demographic data were derived from the Hubei Statistical Yearbook and the China Statistical Yearbook, from 2009 to 2014. In 2014, the urban construction area of Hubei Province was 4240.27 km 2 , accounting for 2.28% of the total land and 32.96% of the urban-rural construction land. The urban population was 32.38 million people, accounting for 55.68% of the total population. The per capita urban construction land was 130.93 m 2 , which is higher than the 110 m 2 national standard "Code for classification of urban land use and planning standards of development land" (GB50137-2011). The rural settlement land of Hubei was 8623.02 km 2 , accounting for 4.64% of the total land and 67.04% of the urban-rural construction land. The rural population was 25.78 million people, accounting for 44.32% of the total population. The per capita rural settlement land was 334.55 m 2 , which is much higher than the 150 m 2 national standard "Standard for planning of rural villaged and town" (GB50188-93). This indicates that the relationship between population and construction land is out of sync and that construction land is being used at a low level of efficiency. There is great potential for land consolidation.
The construction data for 2009 and 2014 were extracted from two land use land cover (LULC) vector format maps at a 1:10,000 scale, which was derived from the second national land survey and the subsequent land use change survey by the Department of Land and Resources of China. The government participation, a strict verification system, and sufficient financial support ensured the most systematic, accurate, comparable, and coherent land use data. The smallest construction area of map in land use survey is 4 mm 2 , while that in land use planning is 20 mm 2 . The results of the two surveys are more accurate and reliable for this study. Construction land includes urban construction and rural construction land. Urban construction land is subdivided into three types: city, town and industry/mining land. Rural construction land refers to rural settlement land in this paper. Taking into account the availability of data and the feasibility of the analysis, some counties are merged, such as the downtown of Wuhan, Huangshi, Yichang, among others. Thus, the administrative region is divided into 85 regional units. The social, economic and demographic data were derived from the Hubei Statistical Yearbook and the China Statistical Yearbook, from 2009 to 2014. 
Method
To ascertain the status and degree of decoupling, we used Tapio's model (2005) [27] , which can be expressed in terms of elasticity values, as shown in Equation (1):
In Equation (1), α is the elasticity values of population and construction; Area t and Area 0 are the construction land areas in the current year and the base year, respectively; and Pop t and Pop 0 are the population numbers for the current year and base year, respectively.
According to Tapio's model, eight types can be distinguished ( Figure 3 ). The rate of change in population and construction land area can exhibit a decoupling, negative decoupling or coupling relationship. Decoupling can be further divided into three subcategories: weak decoupling, with the population and construction land area both increasing (and 0 < α < 0.8); strong decoupling, which occurs when the population grows while the construction land area decreases (and α < 0); and recessive decoupling, which occurs when the population and construction land area both decrease (and α > 1.2). Similarly, negative decoupling includes three subcategories: expansive negative decoupling, in which the population and construction land area both increase (and α > 1.2); strong negative decoupling, in which the population decreases while the construction land area increases (and α < 0); and weak negative decoupling, in which both variables decrease (and 0 < α < 0.8).
To avoid over-interpreting slight changes as significant, a ±20% variation of the elasticity values around 1.0 are here still regarded as coupling. Thus, coupling is defined as the elasticity values where 0.8 < α < 1.2. 
In Equation (1), α is the elasticity values of population and construction; and are the construction land areas in the current year and the base year, respectively; and and are the population numbers for the current year and base year, respectively.
According to Tapio's model, eight types can be distinguished ( Figure 3 ). The rate of change in population and construction land area can exhibit a decoupling, negative decoupling or coupling relationship. Decoupling can be further divided into three subcategories: weak decoupling, with the population and construction land area both increasing (and 0 < α < 0.8); strong decoupling, which occurs when the population grows while the construction land area decreases (and α < 0); and recessive decoupling, which occurs when the population and construction land area both decrease (and α > 1.2). Similarly, negative decoupling includes three subcategories: expansive negative decoupling, in which the population and construction land area both increase (and α > 1.2); strong negative decoupling, in which the population decreases while the construction land area increases (and α < 0); and weak negative decoupling, in which both variables decrease (and 0 < α < 0.8). To avoid over-interpreting slight changes as significant, a ±20% variation of the elasticity values around 1.0 are here still regarded as coupling. Thus, coupling is defined as the elasticity values where 0.8 < α < 1.2. However, due to policy-driven effects and the scale effects of economic activity, some regions may adopt development strategies, such as expanding construction areas prior to population growth, resulting in a decoupling phenomenon between population growth and land growth. Tapio's model only considers the coordination status between population and construction land, which ignores the strategy of making expansion a priority. This may affect the coordination status between the population and land during a certain period of time. Therefore, we improved the formula. After the calculation using Equation (1), if α is in the first and second quadrants, the β value is calculated according to Equation (2) as a modified elasticity coefficient. If α is in the third and fourth quadrants, β is calculated according to Equation (3). However, due to policy-driven effects and the scale effects of economic activity, some regions may adopt development strategies, such as expanding construction areas prior to population growth, resulting in a decoupling phenomenon between population growth and land growth. Tapio's model only considers the coordination status between population and construction land, which ignores the strategy of making expansion a priority. This may affect the coordination status between the population and land during a certain period of time. Therefore, we improved the formula. After the calculation using Equation (1), if α is in the first and second quadrants, the β value is calculated according to Equation (2) as a modified elasticity coefficient. If α is in the third and fourth quadrants, β is calculated according to Equation (3) .
In Equations (2) and (3), β is the revised elasticity values of the population and construction land area, α is the initial elasticity values of the population and construction land area, s is per capita urban construction land or per capita rural settlement land in the base year, and S stan is the national standard of per capita urban construction land (110 m 2 ) or the national standard of per capita rural settlement land (150 m 2 ).
Results
Changes in Urban-Rural Construction Land
During 2009-2014, urban-rural construction land use in Hubei changed significantly ( Table 1 ). All types of construction land use show a growth trend, and the growth rate of urban construction land is much higher than that of rural construction land. As for the variations within urban construction land, towns increased the fastest, followed by cities, and industry/mining land increased slowly. From 2009 to 2014, the inner structural variation of urban construction land (i.e., city to town to industry/mining land) changed by a proportion of 3.12:2.97:1 to 3.93:4.26:1. Rural settlement land increased slowly, with an average annual growth of 0.37%. Figure 4 shows the landscape pattern change of urban-rural construction land during the study period. As shown in Table 1 and Figure 4 , the distribution of urban construction land is concentrated, while that of rural settlement land is scattered. The absolute quantity of construction land change was relatively small, and the variation ratio was obvious. 
In Equations (2) and (3), is the revised elasticity values of the population and construction land area, α is the initial elasticity values of the population and construction land area, s is per capita urban construction land or per capita rural settlement land in the base year, and S is the national standard of per capita urban construction land (110 m 2 ) or the national standard of per capita rural settlement land (150 m 2 ).
Results
Changes in Urban-Rural Construction Land
During 2009-2014, urban-rural construction land use in Hubei changed significantly ( Table 1 ). All types of construction land use show a growth trend, and the growth rate of urban construction land is much higher than that of rural construction land. As for the variations within urban construction land, towns increased the fastest, followed by cities, and industry/mining land increased slowly. From 2009 to 2014, the inner structural variation of urban construction land (i.e., city to town to industry/mining land) changed by a proportion of 3.12:2.97:1 to 3.93:4.26:1. Rural settlement land increased slowly, with an average annual growth of 0.37%. Figure 4 shows the landscape pattern change of urban-rural construction land during the study period. As shown in Table 1 and Figure 4 , the distribution of urban construction land is concentrated, while that of rural settlement land is scattered. The absolute quantity of construction land change was relatively small, and the variation ratio was obvious. Using the natural breaks method of ArcGIS, we classified the total construction land area, urban construction area and rural settlement area of Hubei Province for 2014 into three grades ( Figure 5) . Overall, the construction area in the central and eastern parts of Hubei Province was significantly larger than that of the western region. The urban construction land concentrated in the Wuhan metropolitan area, and the urban construction area of downtown Wuhan was 432.26 km 2 , which was the largest. The rural settlement land in the central zone was the largest, followed by the eastern land, and the western land was the lowest. Using the natural breaks method of ArcGIS, we classified the total construction land area, urban construction area and rural settlement area of Hubei Province for 2014 into three grades ( Figure 5) . Overall, the construction area in the central and eastern parts of Hubei Province was significantly larger than that of the western region. The urban construction land concentrated in the Wuhan metropolitan area, and the urban construction area of downtown Wuhan was 432.26 km 2 , which was the largest. The rural settlement land in the central zone was the largest, followed by the eastern land, and the western land was the lowest. From 2009 to 2014, the construction land area of all counties increased except for one county in Shiyan, and, in 11 counties, the construction land area growth rate was higher than 20%. The urban construction land area of all counties increased except for a county in Enshi, and the growth rate of the construction land area in 12 counties was higher than 50%. The rural settlement land decreased in 10 counties, while that of the other counties increased. The growth rate of rural settlement land in Shennongjia, downtown Yichang, downtown Huangshi, and a county in Wuhan were higher than 10%. From 2009 to 2014, the construction land area of all counties increased except for one county in Shiyan, and, in 11 counties, the construction land area growth rate was higher than 20%. The urban construction land area of all counties increased except for a county in Enshi, and the growth rate of the construction land area in 12 counties was higher than 50%. The rural settlement land decreased in 10 counties, while that of the other counties increased. The growth rate of rural settlement land in Shennongjia, downtown Yichang, downtown Huangshi, and a county in Wuhan were higher than 10%.
Changes in Population
The population change in Hubei Province from 2009-2014 is shown in Table 2 and Figure 5 . Based on the large baseline population and positive natural growth rate, the total population increased by 922,300, with an annual growth rate of 0.32%. The urban population growth rate was 13.85%, while the rural population reduction rate was 10.48%. This was due to many rural peasants migrating to the cities in search of a higher income and better living conditions because of rapid urbanization and industrialization. Using the natural breaks method of ArcGIS, we classified the total population and rural population of Hubei Province in 2014 into four grades. According to the "Notice on Adjusting the Standard of Urban Scale (2014)", the urban population was classified into four grades ( Figure 5 ). Overall, the total population of the eastern region was significantly larger than that of the western region. In most counties (73 of all 85), the urban population was less than 500,000. The urban population of the downtown areas of Jingzhou, Yichang, Shiyan, Huangshi and Xiaogan, as well as Ezhou, Tianmen, Xiantao and a county in Xiaogan, was between 500-1000 thousand persons. The urban population in downtown of Wuhan was 6,332,400, which was the largest. In 2014, the rural population of the eastern region was significantly larger than that of the western region.
The total population of most counties (63 of all 85) showed a growth trend, and two counties in Wuhan grew the fastest, with a growth rate higher than 10%. The urban population of all counties showed a growth trend. The rural population of all counties decreased, except for one county in Wuhan and Shiyan, and in 42 counties, the rural population reduction ratio was higher than 10%.
Decoupling States Compared across Time and Space
Spatiotemporal Decoupling between the Total Population and the Construction Land Area
From 2009 to 2014, the relationship between the total population and construction land showed expansive negative decoupling, with an elasticity of 6.24. The total population increased by 1.61%, while the construction land area increased by 10.05%, indicating that the growth rate of population was less than the growth rate of construction land area.
The relationship between the total population and construction land could be divided into four types: recessive decoupling (1 of all 85 counties), strong negative decoupling (21 of all 85 counties), expansive negative decoupling (62 of all 85 counties) and weak decoupling (1 of all 85 counties) ( Figure 6 ). The total population of most counties (63 of all 85 counties) showed a growth trend, while the construction land area decreased in only one county. In 63 counties, both the population and construction land increased. Sixty-two counties showed expansion negative decoupling, that is, the growth rate of total population was less than the growth rate of the construction land. A county in Huanggang exhibited a weak decoupling state, in which the growth rate of total population was faster than the growth rate of the construction land. The 21 counties with strong negative decoupling were mainly distributed in Huangshi, Tianmen, Xiantao, Jingmen and Yichang, in which the total population decreased as construction land increased. A county in Shiyan was in a state of recessive decoupling, in which the rate of reduction of the total population was less than the rate of reduction of construction land. , the urban population increased by 13.85%, while the urban construction land area increased by 31.68%, indicating the emergence of an expansive negative decoupling between them. This indicates that the pace of population urbanization was obviously slower than land urbanization, leading to the extensive and low-efficiency use of urban land.
The number of counties belonging to each category during this period was as follows: expansive negative decoupling (59 of all 85 counties), expansive coupling (10 of all 85 counties), weak decoupling (15 of all 85 counties) and strong decoupling (1 of all 85 counties) ( Figure 6 ). The urban population of all of the counties showed a growth trend, whereas urban construction land decreased in only one county. The urban population and urban construction land of 84 counties both increased. Among them, approximately 59 counties of all counties displayed expansive negative decoupling, that is, the growth rate of the urban population was less than the growth rate of urban construction land. Ten counties were in a state of expansive coupling, where the growth rate of the urban population was similar to the growth rate of urban construction land. The 15 counties with weak decoupling states were mostly distributed in Enshi, Suizhou and Huanggang, where the growth rate of the urban population was faster than the growth rate of urban construction land. A county in Enshi displayed strong decoupling, where the urban population increased as urban construction land decreased.
The revised relationship between the urban population and urban construction land could be divided into four types: expansive negative decoupling (61 of all 85 counties), expansive coupling (11 of all 85 counties), weak decoupling (12 of all 85 counties) and strong decoupling (1 of all 85 counties). Ten counties changed types (Figure 7) . Both Suizhou and Huanggang had a county that converted 
Spatiotemporal Decoupling between the Urban Population and the Urban Construction Land Area
At the provincial level, during 2009-2014, the changes in urban population and urban construction land showed expansive negative decoupling, with an elasticity α of 2.29. In 2014, the per capita urban construction land area was 146.61 m 2 in Hubei Province, which exceeded the 110 m 2 national standard. From 2009 to 2014, the urban population increased by 13.85%, while the urban construction land area increased by 31.68%, indicating the emergence of an expansive negative decoupling between them. This indicates that the pace of population urbanization was obviously slower than land urbanization, leading to the extensive and low-efficiency use of urban land.
The revised relationship between the urban population and urban construction land could be divided into four types: expansive negative decoupling (61 of all 85 counties), expansive coupling (11 of all 85 counties), weak decoupling (12 of all 85 counties) and strong decoupling (1 of all 85 counties). Ten counties changed types (Figure 7 ). Both Suizhou and Huanggang had a county that converted from weak decoupling to expansive coupling. The per capita urban construction land of the two counties in 2009 was 173.03 m 2 and 137.78 m 2 , respectively, which exceeded the national standard. During 2009-2014, the growth rate of the urban population was higher than the growth rate of urban construction land, which made the per capita urban construction land appear to be reasonable. Wuhan, Shiyan and Huanggang each had a county that shifted from expansive negative decoupling to expansive coupling. The per capita urban construction land of the three counties in 2009 was 62.86 m 2 , 65.31 m 2 and 88.10 m 2 , respectively, which was lower than the national standard. During these five years, the growth rate of the urban population was lower than the growth rate of urban construction land, which made the per capita urban construction land appear to be reasonable. A county in Huangshi converted from weak decoupling to expansive negative decoupling. The per capita urban construction land of this county was 212.05 m 2 in 2009, which was higher than the national standard. However, the urban construction land continued to grow during the five years. Controlling the urban expansion in this county is urgent. Two counties in Wuhan and one in Jingzhou and Huanggang, respectively, shifted from expansive decoupling to expansive negative coupling. Although the growth rate of the urban population and urban construction land was more appropriate, the lowest per capita urban construction land of these counties was 186.12 m 2 in 2009, which was in considerable excess of the national standard. If allowed to continue, a surplus of urban construction land would continue to exist and would ultimately cause extensive and low-efficiency use of urban construction land. It is important that the urban expansion in this county be controlled. The number of counties belonging to each category during this period was as follows: weak negative decoupling (10 of all 84 counties), strong negative decoupling (72 of all 84 counties), expansive negative decoupling (1 of all 84 counties) and weak decoupling (1 of all 84 counties) ( Figure 6 ). Except for two counties that increased, the rural population of all of the counties showed a declining trend. The rural settlement land decreased in 10 counties, while the other counties increased. Most counties (72 of all 84) displayed strong negative decoupling, in which the rural population decreased while the rural settlement land increased. Ten counties were in a state of week negative decoupling, that is, the rate of decline in rural population was faster than the rate of decline of the rural settlement land. A county in Shiyan displayed expansive negative decoupling, in which the growth rate of the rural population was less than the growth rate of the rural settlement land. A county in Wuhan showed a weak decoupling state, in which the growth rate of the rural population was faster than the growth rate of the rural settlement land. That is, in most of the counties in Hubei Province, the change in rural settlement land was not in sync with the change in the rural population.
After the revision, the relationship between the rural population and rural settlements land did not change. Most counties (72 of all 84) displayed strong negative decoupling, and the adjustment had no effect on this type. While the values of localities within other types were adjusted, they did not reach the level of the changing type.
The Coordination Relationship of the Urban-Rural Population and Construction Land Change and Classification
To analyze the relationship between the urban-rural population and construction land, we combined the coupling types of population and land change in urban and rural areas. They were divided into eight types (Table 3 and Figure 8 ). The main types were Type II to Type V; only one county each belonged to Type I, Type VI, Type VII, and Type VIII. As the per capita rural settlement land in 2009 and 2014 were both higher than the national standard, we distinguished the subtypes based on a comparison of the per capita urban construction land with the national standards. The result indicated that there were 8 types and 16 subtypes, and corresponding suggestions for each were then put forward. 6). Except for two counties that increased, the rural population of all of the counties showed a declining trend. The rural settlement land decreased in 10 counties, while the other counties increased. Most counties (72 of all 84) displayed strong negative decoupling, in which the rural population decreased while the rural settlement land increased. Ten counties were in a state of week negative decoupling, that is, the rate of decline in rural population was faster than the rate of decline of the rural settlement land. A county in Shiyan displayed expansive negative decoupling, in which the growth rate of the rural population was less than the growth rate of the rural settlement land. A county in Wuhan showed a weak decoupling state, in which the growth rate of the rural population was faster than the growth rate of the rural settlement land. That is, in most of the counties in Hubei Province, the change in rural settlement land was not in sync with the change in the rural population. After the revision, the relationship between the rural population and rural settlements land did not change. Most counties (72 of all 84) displayed strong negative decoupling, and the adjustment had no effect on this type. While the values of localities within other types were adjusted, they did not reach the level of the changing type.
To analyze the relationship between the urban-rural population and construction land, we combined the coupling types of population and land change in urban and rural areas. They were divided into eight types (Table 3 and Figure 8 ). The main types were Type II to Type V; only one county each belonged to Type I, Type VI, Type VII, and Type VIII. As the per capita rural settlement land in 2009 and 2014 were both higher than the national standard, we distinguished the subtypes based on a comparison of the per capita urban construction land with the national standards. The result indicated that there were 8 types and 16 subtypes, and corresponding suggestions for each were then put forward. Type I: Strong decoupling in urban land and strong negative decoupling in rural land. This type has the following characteristics: an increase in the urban population, a decrease in urban construction land, a decrease in the rural population and an increase in rural settlement land. A county in Enshi belonged to this type, and its per capita urban construction land was higher than the national standard in 2009, but lower than the national standard in 2014. The per capita rural settlement land was higher than the national standard in both 2009 and 2014. The relationship between the urban-rural population and construction land in this county had been decoupling significantly. For the future, the approval of urban construction land should be relaxed. In addition, it is suggested to strictly control the land expansion of rural settlement, prevent the loss of rural population and strengthen the rural residential land consolidation.
Type II: Weak decoupling in urban land and strong negative decoupling in rural land. This type has the following characteristics: an increase in the urban population, a decrease in the rural population, and an increase in both urban construction land and rural settlement land. The growth rate of the urban population is faster than the growth rate of urban construction land. There were 11 counties, situated in Enshi, Suizhou and Huanggang, which belonged to this type. This type was divided into three subtypes: II-1 (six counties): The per capita urban construction land was lower than the national standard in both 2009 and 2014. II-2 (two counties): The per capita urban land area was higher than the national standard in 2009, but lower than the national standard in 2014. It is suggested that the approval of urban construction land should be appropriately relaxed for the two types. II-3 (three counties): The per capita urban construction land was higher than the national standard in both 2009 and 2014, and it is suggested that the urban expansion should be appropriately controlled and the stock construction land should be actively revitalized.
Type III: Expansive coupling in urban land and strong negative decoupling in rural land. This type has the following characteristics: an increase in the urban population, a decrease in the rural population, and an increase in both urban construction land and rural settlement land. The growth rate of the urban population was similar to the growth rate of the urban construction land. This type included ten counties distributed in Wuhan, Jingzhou, Huanggang and Jingmen. Among them, three counties converted from expansive negative decoupling, and two were converted from weak decoupling. This type was divided into three subtypes: III-1 (four counties): The per capita urban construction land was lower than the national standard in both 2009 and 2014, and it is suggested that the approval of urban construction land should be appropriately relaxed. III-2 (five counties): The per capita urban land area was higher than the national standard in both 2009 and 2014, and it is suggested that the urban expansion should be controlled. III-3 (one counties): The per capita urban construction land was higher than the national standard, but lower than the national standard in 2014, and it is suggested that the approval of urban construction land should be appropriately relaxed.
Type IV: Expansive negative decoupling in urban land and strong negative decoupling in rural land. The characteristics of this type include: an increase in the urban population, a decrease in the rural population, and an increase in both urban construction land and rural settlement land. The growth rate of the urban population was lower than that of urban construction land. This was the main type in Hubei Province, and there were 50 counties that belong to it. Among them, four counties were converted from expansive coupling, and one county was converted from weak decoupling. This type was divided into three subtypes: IV-1 (six counties): The per capita urban construction land was lower than the national standard in both 2009 and 2014, and it is suggested that the relationship between urban expansion and population growth should stay the same. IV-2 (14 counties): The per capita urban construction land was lower than the national standard in 2009, but higher than the national standard in 2014. IV-3 (30 counties): The per capita urban construction land was higher than the national standard in both 2009 and 2014. The suggestions for the latter two types are to strictly control the expansion of urban construction land, and to actively revitalize the stock of construction land.
Type I-IV of the rural settlement land displayed strong negative decoupling, and the per capita rural settlement land was much higher than the national standard. The utilization of the rural settlement land was of low efficiency. This indicates that the relationship between the rural population and rural settlement land was asynchronous. It is imperative to strictly control the expansion of rural settlement land, prevent the loss of rural population and strengthen the rural residential land consolidation.
Type V: Expansive negative decoupling in urban land and weak negative decoupling in rural land. This type has the following characteristics: an increase in both the urban population and urban construction land, and the growth rate of the urban population is lower than that of urban construction land. There was also a decrease in both the rural population and rural settlement land, and the rate of reduction of the rural population was higher than that of the rural settlement land. Nine counties belonged to this type, which, while in a more reasonable status than those mentioned above, were not in the ideal situation. This type was divided into three subtypes: V-1 (three counties): Per capita urban construction land was lower than the national standard in both 2009 and 2014, and it is suggested that the relationship between urban expansion and population growth stays the same. V-2 (one county): The per capita urban construction land was lower than the national standard in 2009, but higher than the national standard in 2014. V-3 (five counties): The per capita urban land area was higher than the national standard in both 2009 and 2014. It is suggested that a more strictly land approval system should be applied to prevent the uncontrolled urban sprawl for the latter two types. For Type V, in all of the counties, the per capita rural settlement land was higher than the national standard in 2009. Though there was a reduction in rural area, the rate of decrease of rural settlement land was lower than the rate of decrease in the rural population, with the per capita rural settlement land in 2014 being much higher than the national standard. It is suggested that the decreasing trend of rural settlement land should continue, and strengthen the rural settlements land consolidation.
Type VI: Weak decoupling in urban land and weak negative decoupling in rural land. This type has the following characteristics: an increase in both the urban population and urban construction land, with the growth rate of the urban population being higher than that of urban construction land. There was a decrease in both rural population and rural settlement land, and the rate of reduction of the rural population was higher than that of rural settlement land. A county in Enshi was of this type, where the per capita urban construction land was 76.08 m 2 in 2009 and 64.05 m 2 in 2014, lower than the national standard. The per capita rural settlement land was 248.65 m 2 in 2009, and 271.03 m 2 in 2014, higher than the national standard. In the future, the approval of urban construction land should be appropriately relaxed. In addition, the declining trend of rural settlement land should continue and strengthen the rural settlements land consolidation.
Type VII: Expansive negative decoupling in urban land and weak decoupling in rural land. This type has the following characteristics: an increase in both the urban population and urban construction land, and the growth rate of the urban population is lower than that of urban construction land. There was an increase in both the rural population and rural settlement land, and the growth rate of rural population was higher than that of the rural settlement land. A county in Wuhan was of this type, where the per capita urban construction land was 277.54 m 2 in 2009 and 334.89 m 2 in 2014, much higher than the national standard. The per capita rural settlement land was 220.14 m 2 in 2009 and 213.42 m 2 in 2014, higher than the national standard. It is suggested that a stricter land approval system should be adopted to prevent the uncontrolled urban sprawl. In addition, it is necessary to reduce the growth rate of rural settlement land and strengthen the rural settlements land consolidation.
Type VIII: Expansive negative decoupling in urban land and expansive negative decoupling in rural land. This type has the following characteristics: an increase in both the urban population and urban construction land, with the growth rate of the urban population being lower than that of urban construction land. There was an increase in both the rural population and rural settlement land, with the growth rate of the rural population being lower than the growth rate of rural settlement land. It is suggested that a stricter land approval system should be adopted to control the expansion of urban-rural construction land.
Discussion
Dynamic Allocation of New Construction Land Use Indicators
Construction land is a special way of land use and it is irreversible if other types of land use transformed to construction land. In China, the management of the allocation of new construction land use indicators was through general land use planning and annual land use planning, which was taken a "top-down" planning mode [32] . The new construction land indicators are usually subdivided by land demand indicators, such as GDP, population, among others. The allocation of construction land use indicators under strong administrative intervention is often a kind of interest game between local government and their superior government, which ignore the human-oriented land demand. Thus, this phenomenon exists. The construction land indicators are serious shortage in some areas and the contradiction between land supply and demand is prominent, which caused the increase of illegal land use. Meanwhile, the construction land indicators are relatively comfortable in some areas and land maybe used to replace other production factors, which resulted in low efficient utilization of land resources. The application period of land use planning is 15 years, and the regional allocation of land use indicators is a prearranged planning. From the perspective of dynamic planning, the rapid socio-economic development and population mobility increase the difficulty of rational allocation of land use indicators [33] . The dynamic coupling relationship between population and construction land should be taken into account in the regional allocation of land use indicators. According to this relationship, the indicators are allocated during the planning period, which consider the regional balance.
4.2.
From "Increasing vs. Decreasing Balance" to "Population Land Hook"
Due to the urban-rural dual system, the gap between urban and rural development in China is widening. The urban-rural inequalities based on the dual household registration system, such as education, employment, housing, health care, social security and so on, harms social fairness and justice, affecting the sustainable development of the economy and social stability [34] [35] [36] . From 1978 to 2014, the income gap between rural and urban residents increased from 2.57:1 to 2.97:1 [6] . Farmers are disadvantaged by the disparity between artificially low prices for agricultural products and the high cost of industrial goods [37] . Urban-rural income differences and employment opportunities are the main reasons for the flow of rural population to the city. However, a large amount of rural peasants migrated to cities during urbanization. There are no regulations or laws stipulating how residential land should be properly disposed when the house occupant migrates out of the village, either temporally or permanently [14] . This caused the phenomenon of an increase in rural settlement land, with a reduction of rural population, resulting in a waste of land resources. Thus, the hukou system should be reformed to make rural migrants completely settle in cities, while land laws should also be improved to bring rural houses into the land market [14] . The perfect homestead exit mechanism has contributed to the land supply, improved the utilization of rural settlement land, and constrained unordered expansion. Rural homestead exit should be fully aware of the willingness of farmers and pay more attention to recovering compensation, such that farmers' compensation is greater than, or at least not less than, the retention of homestead welfare. This is imperative to improve a diversified rural housing security system [38] .
To relieve the contradictions of built land in urban and rural areas, the Chinese government issues some policies, such as "increasing vs. decreasing balance" and "population land hook". The latter is the expansion and extension of the former. It emphasizes that the increase in urban construction land should be linked to the decrease in rural settlement land. Additionally, the increase in urban construction land should be linked to the population that the city absorbs from rural areas and other cities [39] . The new policy should pay more attention to the balance between land and population. In 2012, to support the balanced development of different regions within the country, China's State Council officially approved the "Planning for a Central Plains Economic Zone (2012-2020)". In the plan, it is suggested that some pilot cities be selected to explore the new policy in Henan Province and then expand to other areas of the Central Plains Economic Zone. At present, the two policies have been proposed and allowed to take effect in some areas [40] . Analyzing the relationship of population and construction land change in urban and rural areas could serve as a useful reference for the implication of the "population land hook" policy.
Priorities in Further Study
Based on an improved decoupling model, this paper systematically analyses the coupling relationship between population and construction land in urban and rural area. This study could provide the basis for construction land intensive use and rational allocation of construction land use indicators. However, there are still improvements for further study. First, the coupling relationship between population and construction land in different temporal dimension could represent different pattern. This paper only analyses the relationship from 2009-2014, which has some limitations. It could be better to reflect the dynamic relationship if we add the time series data during the study. Second, the population mobility was less considered. Further study should focus on the patterns of population mobility between urban and rural areas, the relationship between resident population and registered population, which effectively improve the applicability and accuracy of the proposed method.
Conclusions
Rapid urbanization has had a significant influence on the relationship between population and land in Hubei Province. This paper analyzed the urban-rural population and construction land changes of Hubei from 2009 to 2014, as well as the relationship between urban-rural population and construction land, by using the improved decoupling model. The results show that the construction land area increased significantly and that the growth rate of urban construction land was much greater than that of rural construction land during the five years. The urban population and construction land both increased while the rural population decreased as rural settlement land increased. In most counties (71.76%), the growth rate of urban population was less than the growth rate of urban construction land. In 85.71% of counties, the rural population decreased while the rural settlement land increased. The relationship between urban-rural population and construction land was divided into eight types, but only nine counties were relatively synchronous, while the rest were all uncoordinated.
The results of the study provided valuable information for planners, officials, and developers. It helps to manage the dynamic allocation of construction land use and provide references for the implication of the "population land hook" policy. Adding time series data and paying more attention to the population mobility in a future study are suggested.
